INTRODUCTION
Accumulated evidence from a variety of types of animal cells points to the involvement of a "contractile ring" in constricting cells to form cleavage furrows during cytokinesis (7, 12) . Ultrastructural studies of dividing cells showing microfilaments in close proximity to the plasma membrane in regions where furrows are present suggest that microfilaments may be the structural manifestation of the contractile ring (1, 14, 17, 18, 19) . This hypothesis has been supported by experiments which show that the disruption of the normal course of cytokinesis by the drug cytochalasin B, is associated with the loss of microfilaments (15, 16) . 784 THE JOURNAL OF CELL BIOLOGY • VOLUME 60, 1974 • pages [784] [785] [786] [787] [788] [789] Our studies on selected spermatocytes from the crane fly, Nephrotoma suturalis, have revealed microfilaments in cleavage furrows during cytokinesis of the first meiotic division . The purpose of this report is to document these findings and to discuss their significance in light of recent reports of actin-like filaments in Nephrotoma spermatocytes after glycerination and treatment with heavy meromyosin (3, 4) .
MATERIALS AND METHODS
Spermatocytes from larvae of N. suturalis cultured in the laboratory were prepared as monolayers on agar films and flat-embedded according to methods that have been described elsewhere (6) . Ultrathin sections of selected cells were cut with a PorterBlum ultramicrotome II (Ivan Sorvall Inc., Newtown, Conn .) using glass knives and were collected on carbon-coated Formvar films suspended over the apertures of slotted grids. Sections were stained with uranyl acetate (20) and lead citrate (13) and observed with a Hitachi HU 11C microscope .
Photographs of living cells cultured in vitro (5) and of fixed cells in perfusion chambers (6) were made with a Zeiss universal microscope equipped with Nomarski differential interference optics .
RESULTS AND DISCUSSION
Cytokinesis in primary spermatocytes of N. suturalis begins at the completion of anaphase I as the autosomal half bivalents approach the poles . Initially, the cell is constricted in the plane of the spindle equator, and as the cleavage furrow develops through the hyaline cytoplasm adjacent to the plasma membrane, the mitochondrial sheath is forced toward the longitudinal axis of the cell (previously the pole-to-pole axis of the spindle) . Cytokinesis is completed when the newly formed secondary spermatocytes separate .
Ultrastructural details of the events of cytokinesis have been studied in spermatocytes prepared as monolayers on agar films, permitting precise identification and ultramicrotomy of individual cells . Cells prepared according to our methods appear morphologically similar to living cells as is evidenced by comparing the living cell in Fig . 1 a with the fixed cell in Fig . I b .
Equatorial sections through telophase cells in the regions of the cleavage furrow reveal microfilaments (50-70 A thick) in the cytoplasm underlying the plasma membrane (Fig . 4) . Filaments are of indefinite length (depending on the plane of section), appear in close association with the plasma membrane (but no definite connections between the membrane and filaments have been seen), and are located within 40-50 nm of the plasma membrane in an amorphous, weakly staining matrix .
Meridional sections made parallel to the plasma membrane at early stages of cytokinesis show that filaments are oriented parallel to the equatorial plane of the cell (Fig . 2) . Individual filaments often appear to aggregate with one another, and in some cases, filaments have a particulate appearance (resembling beads on a string) with particles having a diameter of about 60 A . In later stages, the cortical region appears denser, and individual filaments become difficult to resolve (Fig . 3 ) . It appears that filaments and aggregates thereof form an annulus at the periphery of the cell coinciding with the cleavage furrow .
Examination of cortical regions near the poles at telophase as well as in cells at metaphase and anaphase has not revealed cortical microfilaments .
Previous studies showing microfilaments in the cortical regions of several different types of cells during cytokinesis lead to the conclusion that these structures may be a feature common to all cells that undergo cytokinesis by formation of a cleavage furrow . Moreover, filaments may generate forces resulting in constriction and development of the furrow . Besides observations of microfilaments in intact cells, studies on glycerinated cells treated with heavy meromyosin have shown decorated filaments (similar to actomyosin complexes from extracts of striated muscle) in cortical regions of dividing cells (10) . The properties of these filaments are similar to those of actin, but as has been cautioned by others, these properties do not characterize them as actin . On this basis, they have been called "actin-like" filaments . Accumulating evidence suggests that actin-like filaments may be involved in contractile processes in several types of nonmuscle cells (2, 9, 11 ) . An actomyosin-like system may also be involved in bringing about cytokinesis (8) .
Actin-like filaments have been located in cortical regions of Nephrotoma spermatocytes after glycerination and treatment with heavy meromyosin, but they were not found in untreated cells (4) . This apparent absence of microfilaments in intact cells was thought to be due to the lability of the filamentous structures, which disorganized upon fixation in intact cells without previous glycerination and/or stabilization with heavy meromyosin. These findings take on added significance when considered in light of previous observations of decorated actin-like filaments in spindles of glycerinated spermatocytes and the suggestion that actin-like filaments are not only a component of spindles in vivo, but also may play a role in bringing about movements of chromosomes (3) .
We have not been able to recognize microfilaments in spindles comparable to those observed in glycerinated cells in our preparations of untreated cells (Fig . 5 , also see reference 6) . Our inability to detect microfilaments in Nephrotoma spindles has prompted us to question whether spindle microfilaments actually exist in vivo .
Others have claimed that microfilaments can be visualized in Nephrotoma spermatocytes only after glycerination and treatment with heavy meromyosin (3, 4) . The results presented here show otherwise . Since cortical filaments have been preserved by our techniques, one would expect that at least some microfilaments in spindles would have been preserved and detected, provided they are present in the spindle . This apparent absence of microfilaments in spindles does not rule out the possibility that actin-like molecules in the globular form are present in the spindle (as has been suggested by others [3] ), nor does it rule out the possibility that cortical filaments have been preserved in our preparations and filaments in the spindle have not . Experimental evidence regarding the hypothesis that filaments in different regions of the cell may react differently to chemical fixation might shed some light on this problem . Until then, present results cast doubt on the hypothesis that actin-like microfilaments are a component of Nephrotoma spindles in vivo .
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